
.,· 
~ . 



Technical Memorandum· Real World Experience with MBTS· 

. . 
REAL WORLD EXPERIENCE ·WITH 

MARKET· BASED TRANSPORTATION STRATEGIES: 
TECHNICAL MEMORANDUM 

. TABLE OF CONTENTS 

Page 

INTRODUCTION ••••••••••• : •••••••••••• ••••• •••••• •••• •• ••••• ~ ••••• ••••••••• : ••• ••••••••••••••••••••••• ••••• ••••••• 1 

A. MBTS BACKGROUND •••••• ~ •••••••••• : ••••••• ~ •••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••• 2 
1. Overviev~ ..... , .............. , ............................................................................. ........... ................ 2 

. 2. U.S. Background ................................... _. ........ ..................................................................... 2 

B. IDENTIFICATION OF MBTS MEASURES •••••••••••••••• ••••••••••••••• •••• •••• •••••••••••••• ••••• 4 
1. MBTS Jdentification ....................................... : ................................. ..... ................... ............. 4 
2. Benefits .................... ...................... .... ... ............... .................................. ... ....... ..... .. .. : ..... .. .. 4 

C. STATE OF PRACTICE OF MBTS MEASURES ............................. ....................... G 
1. Clunker Buy Back ........... ..................................................................................................... 6 
2. Gross Emitter .. ........... : ............................ ................................................ ...... ....... ..... ........... 8 
3. Emissions Fees . ." ........... : ..... ........................................................ ~ ......... ." ..... ....................... 10 
4. Feebates ................... .................... ................................................. .. ................................. 11 
5. Congestion Pricing .... ...... : .... : .. :_ ........... .. ................... · .................................................. : .. ~ .. . 13 
6. Transit Pricing ....... ... : ................................ · .............................. ........................................... 15 
7. Pay at the Pump Insurance ......................................................... :.: .. · .................................. 16 
8 . . VMTTax ........................................................ : ............... : .................................................... 18 
9. Parking Pricing ....................................................... ............................ : ................... ........... 20 - . . 

· D. SUMMARY •••• ~ •••••...•.•••••••••• · •••• ••••• ••••. •••.. · ••••••• ••••••••••.•• ••••••••••••••••• ••••••••••••••••••••• 22 
1. Assessment: .................. .. .................................. : ................................. .............................. 22 

.· •, 

PARSONS 
BRINCKERHOFF 



Technical Memorandum· Real· World Experie nce with MBTS · 
•. 

Introduction 

The New Jersey Department of Transportation is conducting a study to develop and evaluate innovative transportation control measures (TCMs) in the state of New Jersey. The purpose of this study is to identify and select a series of innovative strategies which may reduce the growth of vehicle-miles of travel,_ vehicle trips, congestion and mobile source emissions currently experienced on the roadway network throughout the state. 

A very promising series of measures, termed market-based transportation strategies_(MBTS), have been identified as offering longer-term potential to accomplish. these objectives, as well . as a shorter~ferm .potential tQ supplem.ent curref)t Employer Trip Reduction Program (ETRP) . ·options. Market based transportation strategies apply financial costs and incentives to reduce the level of use of vehicles on· New Jersey roadways, and _el")courage the use of . alternative travel modes, time periods, and/or cleaner burning vehicles. ·importantly:· these · · progr.ams look at Innovative ways to make vehicle owners more aware of the actual societal costs of using personal vehicles, and use pricing mechanisms and alternative travel options to l)elp_ them eyaluate the importance and need for travel via personal vehicle. - . .. . 

This technical memorandum provides an overview of much of the research, implementation, and application experience with MBTS strategies throughout the U.S. It is not a complete documentation of the experience and programs which have been developed. The document explores the motivations for consideration of MBTS measures, and identifies the social and political issues which have encouraged their current consideration in New Jersey, highlights the findings and projections of these strategies and summarizes the lessons learned from previous studies and programs. · This memorandum qff_ers a range of results to develop comparative approximations of program effectiveness, and encourages further discussion of the benefits and values of these strategies. 

·'. 
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REAL WORLD EXPERIENCE WITH MARKET-BASED 
TRANSPORTATION STRATEGIES CMBTSl 

A~ MBTSBACKGROUND 

1. Overview 

Market-based transportation strategies (MBTS) are among the most current and progressive 
approaches available to control the grow~h of emissions, congestion, trips and VMT, but 

, remain among the most experimental and least tested of transportation control ~trategies. 
· Conceptually, MBTS measures apply a market-based approach to transpo~ation choice 

behavior by pricing transportation services at levels which reflect the real economic as well as 
s'ocial costs of providing these services. From a user perspective, this allows individuals to 
make travel choice decisions based upon their willingness and ability to pay for the level of 
inconvenience and impacts their trips create. From a planning perspective, MBTS measures 

<_ ar~ primarily price coordination mechanisms allowing decision makers to balance the traver 
. r)~~ds of Individuals with the availabfe resources of the transportation network. 

A great deal of theoretical discussion has been generated regarding their applications, and 
related research and data developed to show their potential effects, yet few MBTS measures 

·have ever been fully implemented: Pricing theory extends as far back as the 1950's 
(discussed as a means to define long term investment needs during the . passage of the 
Fe.deral Revenue Act) and the 1960's (through research addressing parking and congestion 
pricing). Implementation of some MBTS programs, however, began in sev.eral European and 

.- A~ian nations during the 1 970s and 1 980s, where the need for strong measures to control 
burgeoning traffic growth and congestion levels became necessary. Application and/or 
testing of these measures-were primarily constrained to urban areas, such as. Hong Kong, 
Singapore, and Oslo/T rondheim. These early pricing measures were the focus of the Issue 
Paper prepared in Task 1.1 of this study. While some of these applications achieved the 
desired goals of the programs, others were abandoned or never implemented due to political 
and equity concerns by decision makers. · 

2. U.S. Background 

Growing consideration of MBTS measures as solutions for difficult transportation problems 
has been heightened i1_1 the United States by a number of recent events. Most are the result 
of the original provisions of the Clean Air Act of 1970, and the strengthening and expansion of 
those provisions un9er the 1990 Clean Air Act Amendments (CAAA), which have mandated 
rigorous air quality improvement targets for many areas of the United States. These 
regulations have highlighted the difficulty of achieving the fu ll range of emissions targets 
originally set Jorth in the 1970 legislation, and have created a need for new measures to. 
further expand emissions reduction opportunities. 

The 1970 CAA was designed .to s~t· and achieve national air qu.ality goals for six pollutants 
using, in part, a number of regulatory tools, ·and w~s generally effective in all but one major 
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area: tropospheric ozone. Although the number of ozone exce.edance .d~ys declin_ed 68 
percent between 1979 and 1992, national ozone concentrations _barely decl~ned, leavmg 94 
urban areas classified in "nonattainment" with regulations. Th1s was partially due to the 

· regulations b~ing based upon a poor understa_nding of the complexity of the interactive 
properties of volatile organic compounds (VOCs), also known · as hydrocarbons (HC)_. and 
oxides of nitrogen (NOx) in ozone formation, and overestimation of the role of VOC 1n the 
formation and reduction process. 

A variety of mobile source problems contributed to the inability to achieve the air pollution 
reduction goals. Policies targeting technical (e.g., tailpipe emissions control) solutions for 
applications only to new vehicles in the fleet mix began to reach the limits of their 
effectiveness as more vehicles became equipped with air pollution control devices and 
achieved reduced emissions. Owners began to retain vehicles longer and increase the level 
of VMT driven by these vehicles, reducing the retirement rate of increasingly operated, 
emissions inefficient vehicles. While programs to repair faulty emissions systems on aging 
vehicles were initially encouraged, benefits from repair, in many instances, were ineffective. 
Evaporative emissions occurring during the whot soak" cycle of vehicle use, were also 
discovered to play a far larger role in emissions than originally believed. Finally, overall VMT 
levels increased by 69 percent since 1970, due to many factors, including increasing 
suburbanization, the emergence of the baby boomers to driving age and expanding role of 
women in the workforce. 

With the diminishing return of technical-based emissions control strategies, aging vehicle fleet 
and growth in VMT, the 1990 CAM not only sought to tighten new vehicle emission controls, 
but to establish a wide-ranging program of enhanced inspection and maintenance (l&M), 
reformulated gasoline, alternate fuels and fleet development requirements, evaporative 
controls, transportation control measures (TCMs), and employer trip reduction (ETR) programs 
to address emissions. These mandates were backed up by requirements to document the 
rate of progress in emissions control efforts, and to tie capital program planning for 
transportation projects to the requirements of the CAM. While many of these programs 
reflect a better understanding for the complexity of emissions reduction efforts, they still 
contain enough limitations .to make cost effective implementation of strategies within the tight 
deadlines established by the CAM problematic. 1 

These events have given reason to consider MBTS measures as the next level of mobile 
source emissions control strategies. MBTS programs encourage travelers to assess the value 

' .of their time and importance of their trip through their willingness to pay for (or accept 
financial incentives in lieu of) the level of inconvenience that their trip causes to others 

. : C'ompeting for space on _ available facilities, and for the amount of air pollution generated by 
· the ··operati<;>n of their vehicle. In addition to congestion benefits identified by the earliest 
proponents, MBTS . measures are now recognized to provide emissions, VMT, and trip 
reduction benefits. They also can be used to balance roadway usage patterns and levels, 

"'-~nhance revenues, improve the attractiveness of public transit alternatives and reduce 
! 

1 roadway expansion capital requirements. r. .. . 

: . 

·
1 Winston Harrington, Margaret A. Walls and Virginia McConnell, "Shifting Gears: New Directions for 

Cars and Clean Air." Resources for the Future, Discussion Paper 94-26, June, 1994, pp. 1 - 10. 
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The following section of this technical memorandum identifies MBTS measures considered for 
this evaluation, and discusses the types of benefits that each measure could provide. · . 

B. IDENTIFICATION OF MBTS MEASURES 

. The Task 1.1 Issue Paper introduced an array of MBTS applications that have been explored 
throughout the U.S. and abroad, and developed discussion of the primary social and 
economic conditions and requirements · for consideration and/or implementation of these 
approaches. 

This effort provides further background on the history, pricing and technical applications of 
MBTS measures, and a summary of the performance and findings through the implementation 
and/or research performed to date. Specifically, the rest of this section will address the 
current state of practice in the use of MBTS measures by identifying and defining these 
measures, describing the evolution of their purpose and focus, their applications and testing, 
and the success or failure of these applications. In addition, conditions that promote or 
hinder MBTS measures, MBTS data requirements and availability, cost-effectiveness, the 
reasonableness of · the measurement approach, institutional and political impacts, and 
revenue issue-s will be discussed where sufficient information is available to support analysis. 

1. MBTS Identification 

Following a review of many literature sources, a series of nine primary strategies were 
identified that have been or are currently being explored throughout the United States and the 
world. T~ese nine measures largely reflect the state of practice. in the development of market­
based transportation strategies, and have been recommended for further consideration for a 
potential application in New Jersey: 

• Clunker Buy-Back • Transit Pricing 
• Gross Emitter ID and Repair • Pay at the Pump Insurance 
• Emissions Fees • VMT Tax 
• Feebates • Parking Pricing 
• Congestion Pricing 

2. Benefits 

MBTS measures have been found to have a series of primary and secondary effects in their 
application to a specific market. Available research suggests that different measures serve 

~ di.fferent transportation and air quality objectives with varying success, and it is therefore 

l
:· impo~ant to understand the primary goals of each MBTS measure, how each measure · 

... functions an~: -~ow each interacts with other measures. . 

Generally speaking, each of the nine (9) specific MBTS measures identified above has been 
found t? have ir:npacts in at least one of the f~llowing three (3) benefit areas: 1) Emissions 
Reductron, 2) TrrpNMT Reduction and 3) Congestion Reduction. 
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Emissions pnc1ng measures are strategies which increase vehicle operating costs based upon each vehicle's· level of- emissions. These measures largely target high polluting, . usually poorly maintained vehicles in the fleet mix, and use market and/or enforcement measures to encourage owners to repair vehicles or retire older vehicles for new or newer vehicles to reduce fleet emissions. Four strategies have been identified that primarily address emissions: clunker buy back, gross emitter, emissions fees, and 
feebates. · 

TripNMT reduction measures are strategies which . target reduction of trips made by personal vehicles as their primary goal. TripNMT reduction meas~:Jres tend to make the use of personal vehicles more expensive, or offer significant financial ince11tives for using aiternative travel options. Four strategies have been identified that primarily address trips and VMT: transit pricing, pay at the pump insurance, VMT tax, and parking pricing 
strategies. 

• Congestion pnc1ng measures are strategies which mitigate the level of delay for .vehicles in 'the traffic stream. Congestion measures largely target demand levels and patterns of use of existing transportation facilities, anq use market and/or enforcement ·measures to encourage shifts in travel behavior that tend to reduce peaking characteristics associated with free or low cost travel options. One strategy has been identified as a measure that primarily address congestion: congestion pricing. 

While all strategies have a primary, or main category in which they are designed to achieve benefits, some strategies have secondary, or supplemental categories in which they provide additional benefits. This technical memorandum organizes the research by primary benefit · category and MBTS measure. Table 1 categorizes each measure in terms of its primary (designated by the letter P in bold type) and secondary areas of eff~ct (design_ated by the letterS in standard type~. 

TABLE 1 
MBTS PRIMARY AND SECONDARY REDUCTION BENEFITS 

Gross Emitte r ID and Repair P 
Emissions Fee s P S 
Fe ebates P 
Congestion Pricing S P S 
T ransit Pricing S S P 
Pay at the Pump Insurance S S P . 
VMTTax S S P 
Parking Cash Out S S p 

. . 
The following · section of this technical memorandum will explore the range of applications under which MBTS measures have been applied or the theoretical constructs, study results, and general experiences and findings of these eff9rts. 
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C. . STATE OF PRACTICE OF MBTS MEASURES 

A review of current literature on the applications of MBTS measures shows that most MBTS. 

~!1..-eri~nce h?s. been limited to brief trial programs, or to measures that have similar basic 
priCing behaviors, mechanisms and/or effects. The majority of programs and study results 
tended to quantify only VMT and/or trip reduction levels, rather than emissions benefits. This 
is due to a variety. of reasons, but primarily relates to the lack of focus on emissions issues 
prior to the 1990 CAAA, and for studie·s performed later, to the diffi.culty and lack of specific 

guidelines in defining the assumptions used to calculate emissions results. 

Our research has emphasized evall!ation of cost effectiveness as a range of results from 
several studies with similar approaches, rather than a comparison of specific cost 
effectiveness amounts. This approach has been adopted because underlying assumptions 
varied in a number of studies, and two approaches that had roughly the same cost per ton of 
ef!Ji.~sioris reduced may have had ve'ry different total emissions reductions. 2 

The results of this literatu're search process, summarized in Table 2 at the end of this section, 

provide an extensive listing of programs and studies for each MBTS category. For each entry, 
a summary is provided describing its application or study location, years of operation, status 
of the program, and brief comments regarding program findings and/or cost effectiveness. 

0 0 

Experience and evaluation summaries are based upon the information contained in the 
identified research materials and Table 2. This section is intended to provide a brief 

_ description, overview and summary of the current status of each MBTS measure, its 

~ffectiveness in those applications or research results, the institutional and political 
implications, public acceptance, and cost effectiveness associateq with the actual/potential 
applications of each MBTS measure. · 

1. . Clunker Buy Back 

Description: 
Clunker buy back programs are designed to purchase and scrap higher polluting vebicles to 
remove them from the vehicle fleet mix. The program objective is to remove the most 
polluting vehicles w~ich. cannot be economically repaired from the vehicle fleet mix to reduce 
emissions levels. 

Experience: 
Proarams: Nine clunker buy back programs were identified through the research. Most 
appear to have been operated by petroleum interests; auto manufacturers, and/or utilities 
over limited periods of time to achieve specific ·objectives (e.g., obtain emissions reductions 

credits to offset other, usually stationary source, air pollution requirements for the company). 
Only one program (Unocal) is currer_1t1y active, having recently begun a third phase during 
January, 1995. 

2 
Winston Harrington, Margaret A. Walls and Virginia McConnell, "Shifting Gears: New Directions for 

Cars and Clea~ Air." Resources for the Future, Discussion Paper 94-26, June, 199~. p. 14. 
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Research: One research study was identified which used a model-based approach to 
estimate the benefits, costs and effects of an accelerated vehicle retirement program in the 
Pennsylvani~ portion of the Delaware Valley region. 

Legislation: Legislation has been proposed in several states, including Connecticut, Texas 
and Virginia, which would allow clu.nker buy back programs to be developed as an emissions 
reduction strategy, but with few exceptions, has encountered opposition from auto repair and 
collector groups that fear a reduction in business or available vehicles/parts. Th~se interests 
have so"ught inclusion of repair option clauses and other alternative measures to scrappage in 
the legislation. This strategy is currently allowed in some states as a replacement strategy for 
stationary source emissions requirements. 

Technical Effectiveness: 
The effectiveness of clunker buy back programs in· reducing emissions is quite high, but its 
effects are short term. According to the literature, as much as 80 percent of mobile source 
emissions may be attributable to 15 percent of the worst or high~st emitting vehicles.3 The 
direct removal of a relatively small number of inefficient vehicles from the fleet mix could 
provide significant emissions reductions. Effects upon trip reduction/vehicle-miles of travel 
(VMT) and congestion are likely to be low. 

Institutiona l and Politica l Implications: 
A clunker buy back program would require administrative review of each proposed vehicle 
acquisition to prevent potential fraudulent vehicle scrappage schemes. This approach should 
ensure that eligible vehicles have been in active service, and disallow vehicles which may 
have been restored to operation for the purpose of se!ling them as clunkers. 

Clunker buy back . program legislation has already encountered opposition from specific 
interests that depend upon the repair and/or use of older vehicles anp their component parts. 
These groups include the Coalition for Auto Repair Equality (C.A.R.E.), an organization which 
represents vintage car hobbyists and repair shops. C.A.R.E. prefers that emphasis be put on 
repairing high emitting vehicles instead of scrapping them, thereby ensuring the availability of 
vintage cars and used auto parts, and protecting the auto · repair industry. While this 
opposition was instrumental in defeating a first round of legislation in New Jersey, the group 
has expressed support for modified legislation in other states which include sqme protections 
of their expressed concerns . 

. Public Acceptance : 
Owners of clunkers have generally expressed strong interest in participating in clunker buy · 
back programs. While this is largely related to the value of the financial incentive provided, 
the ·programs identified through the research, which offered between $500 and $1 ,000 per 
vehicle, have experienced moderate to overwhelming response from clunker owners. 
Concerns may be generated, however, by lower income owners who may find the financial 
incentive insufficient to finance the costs of upgrading to another more recent vehicle, and in 
providing the same funding level to other income groups which may potentially be better able 
to afford upwading to newer vehicles. · 

: . 

3 "California Considers Alternatives to Trip Reduction Programs,· Innovation Briefs, Vol. 6, No. 2. Urban Mobility Corporation. Washington, D.C., April, 1995, p.2. 
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Costs and Bene fits: 
Although the EPA has recently developed guidance regarding a methodology for estimating 

emissions crepits for "clunker· p~ograms," few programs have used (or.were able to use) this 
methodology. · Others had to rely on the limited data to develop calculations of the cost 

effectiveness of a clunker buy back programs prior to the availability of the EPA guidance. 

Accordingly, cost effectiveness results for a clunker buy back program vary widely and are 

based· on a variety of assumptions. 

Based upon the research identified in Table 2, a wide range of cost-effectiveness results for 

emissions reduction were identified. HC cost effectiveness was found to range between 

$2,500 and $9,0005 per ton, and NOx cost effectiveness between $12,000 and $69,000 per 

ton. A study performed by the Delaware Valley Regional Planning Commission (DVRPC) in 

May, 1994, using a variety of public and proprietary models, identified a far higher range of 
costs, with HC estimated !3t approximately $29,000 per ton anc;l NOx estimated at 

approximately $52,000 per ton. 6 

2. Gross Emitte r 

Description: 
A gross emitter program would detect vehicles within the traffic stream that fail to meet 

emissions standards, and encourage or require vehicle owners to bring vehicles up to 

required targets. The program objective is to reduce the number of environmentally inefficient 

vehicles in the active fleet mix through encouraging or requiring owne·rs of non-complying 

vehicles to make repairs, and/or to enc:ourage owners to purchase less polluting vehicles. 

Experience: 
Programs: Two gross emitter programs have been identified through the research process. 

One was conducted recently in Philadelphia, PA as an incentive-based program by a 

petroleum corporation and is no longer active. The second was a mobile enforcement-based 

program implemented in · January, 1995 by Arizona state government, in which specially 

equipped mobile vehicles perform spot inspections of between 10,000 and 15,000 vehicles 

per day with no inconvenience to motorists to iaentify those not in compliance with emissions 
standards. · 

Studies: Nine studies were conducted during the late 1980s and early 1990s. These studies 
targeted several research areas, including accuracy tests of remote sensing technology, · 

comparison tests to the standard IM240 vehicle inspection test, and potential applications 

an? set-up requirements to ensure more accurate s~nsing. 

~----------~---------- . 

" Gui?ance for the Implementation of Accelerated Retirement of Vehicles Programs,· U.S. 
Env1ronmental ~rotection Agency, Office of Mobile Sources, February, 1993. . 

5 
Francis J. Ce~ula for Paul J. Durkin, ."The Sunoco Emissions Repair Program,· The Sun Company, 
1994, pp. 1-3. • 

6 • . . . 

Transportat1on Control Measures An analysis of potential Transportation Control Measures for 
implementation in the Pennsylvania portion of the DVRPC region,· Delaware Valley Reaional Planning 
Commission. May,' 1 99~. pp. 5, 100, 109. · 
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Technical Effectiveness: · . . Review of the research suggests that remote sensing technology has p~ogress1vely Improved 
in accuracy since pioneering tests i~ the mid to late ~ 980s. Seve~al d1fferent systems h_~ve been tested through the identified programs and stud1es, and cont1nual advances are ~e1ng made to enhance 'the accuracy of the technology. Sensors of CO have proven most reliable throughout the research, while the _accuracy of HC sensors has varied substantially and NOx · · ·~sensors are ·a relatively new and emerging technology. Because many variables can affect ·th~a-cc.uracy . of remote sensing technology, including placement of sensors, traffic density, roadway, grade, speeds, vehicle acceleration and deceleration characteristics, and proximity to cold start locations, readings can vary substantially. The ranges of accuracy identified by the different research studies have varied substantially, and most studies have recommended that more than one reading be-performed before a vehicle is classified as a gross emitter. License plate video imaging systems have also been found to vary in accuracy, with illumination, weather conditions, and license plate number/background contrast contributing to the level of legibility obtained. At least one state (Idaho) has different styles of ·license plates that may allow repeated use of the same letter and number combinations, thus making 
identification more complex .. 

Remote sensing technology could be used in conjunction with a clunker buy back program to effectively "screen out" the highest polluting vehicles in the traffic stream for potential eligibility to the clunker buy' back program. Since repairs on older vehicles are not always cost effective, a scrappage option could enhance emissions reduction effectiveness of a gross emitter program. 

Institutional and Political Implications: 
Regulatory acceptance of gross emitter programs would be required. This could include review of the acceptability of the use of video imaging technology to identify license plates of non-compliant vehicles. Although rapid technological advances have made remote sensing measurement more accurate and reliable, standards and procedures would have to be developed to ensure proper positioning of equipment, followed with more comprehensive (e.g., IM240) testing of vehicles failing remote sensing tests. While two identification and correction approaches, a voluntary (an advisory-based) and a mandatory (enforcement­based) strategy are possible, a mandatory program is more likely to encounter opposition. 

Public Acceptance: 
Although little of the available research has addressed potential acceptance of remote sensing technology, it is . apparent that a high rate of accuracy would be required before proving acceptable for gener.al use, especially as a regulatory measure. Since a significant level of error coul~ cause extensive inconvenience to motorists in the form of re-inspections and unnecessary repairs, multiple testing and/or strict guidelines for sensor placement would have to be deyeloped. It is also likely that public opposition will be lower for a screening ·and incentive-based repair program (an approach which identifies and notifies vehicle owners of potential emissions problems and provides vouchers to pay for vehicle repairs through a select group of service centers) than an enforcement-based approach. Unfortunately, the research also. sugges~s that response to incentive-based remote sensing repair programs has , ge.nerally been poor. A combinafion of incentive and enforcement strategies in a remote sensing application may. prove more acceptable. · 
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Costs a nd Benefits: 
A number of variables, including system costs, vehicle repair costs, number of gross emitting 
vehicles and the required remote sensing frequency may affect the cost of remote sen·sing 
programs. Studies place the cost of .CO reduced at between $200 and $700 per ton, and 
determined the average cost of vehicle repair to range between $50 and $200 per vehicle. 
~HQ..and NOx reductions were identified ~o be sjgnificantly more costly, with a potent~~~ cost of 
reduction of between $1,300 and $6,000 per ton. 

~· .. --.. ···~ 

3. Emissions Fees 

f?escription: 
Emissions Fees (also referred to as "smog fees") are surcharges that would be added to a 
driver's annual vehicle registration fee based upon the type and age of vehicle ·owned. 
Because insurance fees for older vehicles currently tend to decrease over time, the cost of 
operation for older vehicles becomes less expensive. By charging older vehicles with higher 
emissions rates at a higher rate, the strategy could help to equalize the costs of vehicle 
operation over time and potentially enc_ourage drivers to transition to newer vehicles. 

Experience: . 
Programs: No applications of an emissions fees program have been implemented to date. 

Studies: Four studies have been identified which estimate the potential effects of this type of 
program. California has reviewed the potential use of emissions fees based upon California 
Air Research Board d<?ta and model applications. The Regional Transportation Agency in 
Illinois has studied the potential effe~t.s of ·emissions fees should they be applied to 
northeastern part of the state, using information, based in part, on the California study 
findings. A detailed study of VMT and smog (emissions) fees was developed using 
Massachusetts vehicle fleet data. Finally, the Southern California Association of Governments 
_(SCAG) considered a vehicle license fee proposal, that was ultimately defeated, which would 
have made older vehicles more costly to license. 

T echnica l Effectiveness: 
Without the practical experience of an application of an emissions fees program, it is· difficult 
to determine the technical effectiveness of this type of program. Based upon the available 
research, application of an emissions fee can be performed as part of the annual vehicle 
registration process based upon a set level of fees based on the vehicle make, model and 
model year, or could more equitably be administered through actual emissions levels 
measured during vehiCle inspection. An enhancement of existing emissions testing and 
reporting equipment would be needed to store, analyze and process the recorded emissions 
rates in the de~elopment of a'! emission fee rate structure. 

In most of the research, emissions fees have gener.ally been considered in conjunction with a 
VMT fees, which assess a charge for the actual usage levels of each vehiCle. This is often 
considered as ~ mechanism to equalize the regressive effects of an emissions-only based 
program. Siri~e emissions fees wo~ld most significantly impact lower income groups, which 
are the predominant owners of older vehicles more likely to incur ttigher emissions fees, the 
implementation of a concurrent VMT tax would tend to increase costs for those that drive 
more, traditionally in the middle ·and upper-income groups with more emissions efficient 
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vehicles with lower emissions fees. Emissions fees could be developed based upon the · 
social costs of auto pollution within the region, they would be r:nost ·effective if charged in 
fewer, larger payments for each vet)icle. 

Institutional and Political Implications: 
Emissions fees may disproportionately impact lower to middle-income vehicle owners. 
Rndings from the 1990 National Personal Transportation Surv~y (NPTS) reveal th?t _lower­
income drivers own a larger share of the older vehicle fleet than other income groups. Lower­
(~q9~(ne drivers are also more susceptible to pricing strategies based on ownership rather than 

, use, -since their average expenditure for the purchase of new and used vehicles represents 
'·almost 14 percent of their income, while only six to nine percent for middle and upper-income 

drivers. Because of these factors, lqwer-income drivers may be priced out of the auto­
ownership market. Lifel.ine pricing, a means by which individuals most impacted by the 
prograr:n strategy can be provided reduced fee rates or subsidy support, or the implementation of a supportive complementary strategy such as clunker ·buy back, could be 
used to reduce negative effects for this group. 

Public Acceptance: 
Public acceptance of emissions fees would likely. be low, as it most closely resembles an 
added tax to .vehicle ownership. If implemented as part of a pr.ogram of strategies (e.g., 
clunker buy back) offering incentives and/or alternatives; public acceptance may be 
improved to some degree. Equity concerns may also be raised by drivers that travel out of 
stC!~e . on a frequent basis, since they are paying for emissions not occurring within their home ·. s~ate: It may also be desirable to investigate whether out-of-state vehicles that travel primarily 
within the home state could be charged under an emissions fees program. 

Costs and Benefits: 
Emissions fees c~m be designed as either revenue neutral or revenue enhancing programs. 
A revenue enhancing program could use revenues to finance ·lifeline pricing options for lower 
income vehicle owners. Research suggests that an emissions reduction of between three (3) 
and sixteen ( 16) p~rcent is possible through the implementation of an emissions fee. 
Although an emissions fee may reduce emissions through encouraging shifts to cleaner 
vehicles, it is unlikely to significantly reduce the amount of travel (VMT or trips) which occurs. · 

4. Feebates 

Description: 
Feebates would add a rebate or a fee to the purchase cost of a new vehicle based upon the 
emissions efficiency of the vehicle. Rebates and fees would be assessed to individuals in 
proportion io t~e efficiency level of the new vehicle versus an established emissions efficiency. 
threshold. Th.e objective is to develop a revenue-neutral approach (at least initially) to · 
encourage drivers to choose more emissions efficient vehicles _when considering the purchase of new vehicles. 

Experienctit: 
Programs: One feebate program · was identified through the research. This currently 
operational feebate program can be found in the Province of Ontario, Canada, where fuel 
~onservation taxes and tax credits are built-in to the cost of new vehicle purchases, and may 
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charge as much .as $4,400 or return as much as $100 per vehicle based ·on emissions 
performance. These values, not typical of a revenue neutral feebate program, are heavily 
skewed since.the program is designed for revenue enhancement. · 

Legislation: Legisla~ion has been proposed by several states, although none has been 
implemented to date. One legislative action, part of the proposed DRIVE+ program passed 

. by the California Assembly during 1 990, was later vetoed by the gov~rnor due to political 
. . 

concerns. 

Technical Effectiveness: . 
A feebate program is technically feasible, and could be administered through similar 
mechanisms to state excise tax and registration fees imposed on new vehicle purchases. 

· Experience with feebates has been limited in the sole Ontario, Canada application, where its 
effectiveness is still unclear. This is because the feebate has been "built in" to the final 
vehicle price and i·ts visibility to customers reduced, and it is uncertain whether customer 
purchase decisions have been affected by t.he program. 

Key issues related to a feebate program are selection of the type of pollutant upon which a 
feebate would be based, the feebate structure for different types of vehicles (e.g., cars, 
trucks), and effects upon vehicle manufacturing and quality, Selection of an appropriate 
criteria pollutant is important, s.ince certain types of pollutants may be more readily addressed 
by improved . vehicle design and technology standards than others. Because feebates 
encourage a. progressive shift of purchase decisions toward more emissions efficient 
vehicles, the feebate threshold point should continue to move toward cleaner_ ·burning 
vehicles until it is no longer technologically possible t.o improve emissions efficiency levels. 

Research also suggests that the emissions reduction effectiveness of a fe~bate program may 
range from low (if implemented independently) to medium (if implemented with other 
complementary MBTS strategies)~ If implemented independently, effectiveness may be low 
because only new car · purchases would be affected, and the strategy may encourage the 
retention of older vehicles for longer periods of time. A feebate could also have a low level of 
effectiveness when . the . value of the feebate, relative to the purchase pri.ce of the vehicle, 
does not prove· sufficient to affect purch~sing decisions. A potential problem with feebates is 
that they could impact the marketability of new vehicles, ·and auto manufacturers may shift 
their produc.tion plans· because of feebate rate differentials. These changes could include 
lower quality vehicles sta0dards and/or relocation of production to · areas with lower labor 

- costs. Effectiveness may be enhanced when combined with other programs (e.g., clunker buy 
back), which could provide added incentive and emissjons reduction opportunities. for more · 
price-sensitive income groups · 

lnst_itutional and Political Implications: 
Feebate programs have generally been proposed based on vehicle fuel consumption _levels 
or vehicle wheelbase size, but pure applications of these approaches may present difficulties. 
A consumption-based feebate could tend to favor smaller, more fuel-efficient cars (potentially 
favoring imports. over domestic manufacturers) while trucks (a traditionally strong market for 
domestic manufacturers) could be penalized. A s ize~based feebate, which would base 
emissions strictly on vehicle size by category of vehicle (e.g., sports cars, sedans) · could 
encourage a shift to production of larger, less-efficient vehicles without stringent controls to 
prevent vehicles from changing vehicle ca_tegory. A combination program using size. and 
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consumption, as well as other possible factors (e.g., domestic content, safety, etc.) could be 
developed to offset many of these negative factors. 

· Public Acceptance: 
Public acceptance of a feebate ·program would be mixed. Auto manufacturers and . unions 
are likely to strongly oppose a feebate program (as they did with the DRIVE+ legislation in 
California), since the program could have serious repercussions to import/export and 
car/truck market and production issues. Public reaction would generally be mixed, largely 
depending upon whether a payment or rebate would be associated with the purchase of the 
vehicle of choice for each individual. 

Costs and Benefits: 
Although most strategies call for a revenue neutral approach, a revenue enhancing feebate 
strategy could be used to discount alternative fueled ·vehicles, or subsidize program 
inequities (if they arise). ·While fee bates do not reduce vehicle travel, they are likely to make 
the vehicle fleet less polluting. The Ontario, Canada application is primarily designed to 
generate revenue, since the fee bate threshold point is heavily . skewed towards fees. 
Revenues from this program are used for program administration and other general needs of 
the provincial government. 

Studies suggest that long-term feebate emissions reduction benefits appear to-be low: This is 
because feebates would only affect new vehicles brought into the fleet mix, and because 
these vehicles would likely only experience marginal changes in emissions efficiency from 
implementation of a feebate program. One research study estimated that application of a 
feebate program in the Philadelphia, PA region could reduce 71 tons of VOC and 43 tons of 
NOx emissions. ·while the reduction is significant, it is based on a modeled projection of only 
a 2.2% per year improvement in fuel economy of new vehicles and emissions reduction. 

5. Conge stion Pricing 

Description: 
Congestion pricing would employ time-of-day or vehicle occupancy pricing strategies on toll 
road facilities to influence demand levels on facilities.- Strategies would seek to increase 

. direct travel costs to indiyiduals during peak usage periods on these facilities, encourage 
drivers to travel in less congested periods, encourage increased vehicle occupancy or use 
alternate modes to reduce emissions levels. · 

Measures: 
• Point P_ricing • . HOV Buy In 
• CongestiC?n Pricing • Variable Toil Reductions . 

Experience: . 
Programs: Eight congestion pncmg programs have been or are in the process of being 

. implemented_throughout the world. Of these .eight, six are currently operational, one is under 
development: ·.and one was tested but not implemented. Most have been developed by . 
central or municipal governments or highway authorities as measures to control access to 
congested CBD locations. Only one of these, a private toll road project in Southern California,_... . 
that is currently under construction, is located in the U.S. 
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Studies: Six proposed applications/studies ·were identified, of which three are U.S.-based. 
Programs include a point pricing test program for a major river/bay crossing (Oakland, CA 
Bay Bridge Tolls Pricing), an HOV -lane "buy-in· option (1-15 near -San Diego, CA), and 
proposed electronic toll collection (ETC) and time-of-day pricing on a tollway facility ( S.R. 91 
Toil Road ifl Orange County, CA). 

•' 

·Legislation: One legislative action was taken by the Swedish government to allow for 
implementation of c~ngestion pricing strategies .near Stockholm, but further action has been 
deferred. 

Te chnical Effe ctiveness: 
Congestion pricing has been proven to be effective in both manual (e.g., toll collection, 
windshield permits) and te~hnology-based (e.g., ETC. AVI) applications, and may be 
·implemented as either a flat-rate or time-of-day approach. Technical factors key_ to the 
success of congestion pricing include development of a rate structure sufficient to encourage 

!"changes in travel behavior, and application to well-defined and specific areas or zones. 

Congestion pricing may· be selectively imposed on existing tolled facilities through a 
stratification and st~bilization of certain rates by time of day and/or season when toll increases 

~ are implemented. This approach could allow tolls to be inc~eased during selected congestion 
periods while keeping tolls at the original or other reduced level for other time periods. Since 
most studies have reported high accuracy rates and minimal transaction costs with AVI 
technology (as low as $.20 per vehicle), automated pricing could make a large scale program 
quite feasible . 

Institutional and Po liticai·Jmplica tions: 
Concerns over the acceptability of s·pecific congestion pricing applications, (e.g., an HOV 
buy-in program) with regard to federal funding requirements, bond covenants (on existing toll 
roads) and state regulations, must be considered. Implementation of a congestion pricing 
program may also extend across current agency jurisdictions, and may require development 
of separate entities or changes to existing agency mandates to implement. Other issues 
which require · consideration include enforcement and enhancements to alternative 
traDsportation modes. 

· Political support is critical to ·congestion pricing applications due to potential. concerns about 
public acceptance. In spite of h·aving a program ready for implementation, a recent federally 
funded toll pricing experiment for the Oakland Bay Bridge in San Francisco, CA could not find 
one legislative sponsor to advance the project. Notably, many of the programs which have 
been successfully implemented were developed in countries with strong central government 
planning programs,· or which have gained popular support through effective education and 

'social awarenElSS ·efforts. · · 

Public A c ceptance: 
A variety of interests affected by congestion pricing are likely to oppose implementation of 
congestion Pr.icing, especially if the approach involves increasing fees beyond the current 
costs of roadway usage. These groups includ~ trucking and automobile associations and 

t..iQJ~L~~t~, employers, businesses, 9evelopers, and motorists. Other concerns involving an 
. ins_re~s~d pricing approach includ~ maintaining ~conomic vitality . and competitiveness of the -
j}!~!~nl mitigating potential impacts to lower income • motorists, identifying the ' uses- of I 

I 

PARSONS 
BRINCKERHOFF 

. 14 

\. 



: . '• Technical Memorandum· Real World Experience with MBTS 

. . 
.reven'ues collected, privacy concerns associated with technology applications, enforcement 
'feasibility and acceptance, and the perception of double payment for . roads. through both 
taxes and tolls. Support could be generated however, through a revenue-neutral approach 
which offers reduced rates during off-peak periods. 

Costs and Benefits: 
Congestion pricing strategies may be designed as either a revenue neutral or revenue 
enhancing program, based upon the rates charged and application of revenues. Most 
literature does not quantify the emissions effects of congestion pricing, although some 
literature suggests that emissions reductions are likely due to reduced travel to targeted areas 
and/or improved average travel speeds. Although strongly dependent upon the rates 

r:- ctia'rged and time of day when implemented, benefits identified through the research process 
suggest a reduction in vehicles per hour of from between five and 23 percent. Higher 
reductions have been . estimated in some studies, and although actually: achieved in one ·specific application (a 50 percent reduction was reported in a Milan, Italy); further information 
about this program is not currently available. 

6. Transit Pricing 

Definition: 
Establish a -series of pricing strategies for transit fares to reduce travel demand on roadway 

\ facilities and to significantly incre·ase transit usage. Strategies would seek to lower transit 
;t_a~Eis sufficiently to attract individuals to transit services during peak congestion periods. 

Experience: 
Programs: Four programs were identified which provided or would prov!de direct incentives to 
tra.nsit use. Three were off-peak . free-fare programs implemented as part of studies 
sponsored by UMTA (predecessor to the FT A} and operated for durations of between one 
and three months. The fourth was· a ·proposed program by a transit operating agency which 
would have increased the number of free transfers between routes, removed a second fare 
zone, and offered deep discounts for multiple-fare ticket purchases. This action has been 

· deferred pending resolution of budget· and political concerns. 

Technical Effectiveness: 
Although many transit agencies· currently employ differential pnctng to promote off-peak 
usage of thejr systems, few have developed or tested the application of reduced or free fare. 
strategies to encourage increased ridership during peak periods of roadway congestion. This 
may be due to the fact that 1} roadway and transit peak usage periods often occur during the 
same time periods, (particularly AM and PM peak periods) when transit ridership is a strongly 

, in~!astic market and when vehicle fleets are taxed to the limit, and 2) any adjustment could 
~ ~ curtail system·revenue while increasing vehicle (capital) requirements. The free-fare· pricing 
- e'xperiments for off-peak services found that although usage levels increased significantly (as 
much as 50% during free fare periods}, these gains generally evaporated when the programs 
ended, and may have included trips generated that might not otherwise have been made. It 
is unclear wh?t the eff~cts on emissions and congestion were, since the studies did not 
assess these variables. 
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JJ?n~l!pricing strategie~ may pro~e more etf~pti~e in conjunction. wjth_ other.~BTS programs ,;~-~~~'"" 
by complementing measures such .. ~s ~R~~~~-~~- -~9f!~C?!~· ~~rg~~tion pnc1~_q._ ¥-~I:- Tax.-·-··:":'' 
garking pricing, and others by creating an att[active and more atfordab~e ~lt~~§itl~~- =~~---~~e _ .. 

''\l~~~:~?f'Perso.nal yeh!cles: They are not like!~ to perform wei~ .. in . marke~s !hat: 1) are pot- . 
C!!!I~r}tly well served by transit,· 2) have .e~cessrve transit .. tray_el trmes versus auto, even under 
congested conditions, 3) have transfer requirements, 4)' are . more costly in relation to 
personal vehicles, 5) have inconvenient fare payment systems, 6) have inadequate s~rvice 
~~~Is and/or durations, 7) have· access constraints· to the system, 8) offer limited transit' 
infor·mation, . 9) may be perceived to have security problems. and, 1 0) ·have 
reliability/frequency of service limitations. · 

Institutional and Political Implications: . 

Transit pricing strategies may have significant revenue impacts upon transit operators, and 
would likely require resolution of funding issues and possibly formal approvals as part of tariff 
regulations. Depending upon transit pricing program applications, equity concerns may be 
generated based upon where and to what extent incentives are offered. Although transit 
pricing strategies are likely to prove politically popular, the level of support would be 
correspondingly affected by these issues. 

Public Acceptance: · 
Transit pricing strategies are likely to experience strong public support, with little or no direct 
public or interest group opposition .• since these measures benefit a wide constituency and 
achieve popular goals. Equity concerns over where and what types of transit pricing 
incentives are provid~d are more li~ely to be issues of public concern. 

Costs and Benefits: 
Although ridership gains of up to 50% were reported in one free-fare experiment (not involving 
congested travel times), revenue losses of approximately 40% were also reported. Most 
studies identified a return to pre-experiment ridership levels upon termination of the program, 
however, a few have reported sustained ridership gains of up to eight percent. This may not 
be entirely attributable to the transit pricing program, as other changes to services and 
marketing, as well as exogenous economic variables, may have also influenced the results of 
the study. 

7. Pay at the Pump Insurance 

Description: 
A surcharge would be added to the price of each gallon of fuel to directly provide liability 

· insurance <?Overage for drivers. This would increase the price of travel only in direct 
proportion to the amount of fuel used for travel, minimize the current problem of under and 
uninsured motorists, and potentially result in long-term reductions in motorist insurance rates. 
Drivers would still be required to retain comprehensive coverage with the insurance company 
of their choi<;:e, with rates based on owner and vehicle characteristics (e.g., driver/vehicle 
age, type of v~hicle owned, driving record, etc.). The program objective is to induce changes 
in tr_avel habits by charging drivers for insurance costs based upon the actual usage of their 
vehrcles, to make the cost of auto use more directly known to drivers, and to encourage long­
term shifts to non-auto modes. 
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Experience: . 
No known pay a~ the pump Insurance program applications or research studies hav~. been 
ide.ntified. Although pay at the pump insurance most strongly rese~bl.es _a g~~ohne tax 
strategy, and some discussion can incorporate research and exper~enc~ 1n th_1s area to 
e~aluate the concept, there is little basis upon whic:;h to develop support1ng d1scuss1on. 

. . 
T e chnical Effectiveness: 
There is no practical experience of an application of a pay at the pump insurance strategy, 
although gas and motor fuels tax programs, which result in similar price increases, have been 
successfully implemented. To ir:nplement the program, automobile insurance would be 
divided into two parts: the fixed-cost element reflecting individual driving risk premiums paid 
directly to insurance agencies, and the variable cost portion paid at the pump for liability 
coverage. Qne proposed pay at the pump insurance strategy would divide registered 
vehicles into statistically homogeno\.)s blocks of between 2,500 and 5,000 vehicles, and invite 
auto insurers to bid for these blocks by auction. The state could then collect the premiums 
and ~isburse the revenues through authorities or mechanisms designated in the founding 
legislation. 

Institutional and Politica l Implications: 
Pay at the pump insurance would likely require legislative action to implement. Those insured 
would still have the right to initiate legal action against insurers, and would also have the 
ability to seek additional coverage above the basic liability levels. At an ins~itutiona l level, 
opposition to a pay at the pump insurance program could be generated by those closest to 
the current insurance industry (e.g. , lawyers, insurance companies and agents) that may 
perceive to be negatively impacted by this type of program. 

Pay at the pump insurance is non-regressive, since lower income users tend to drive less and 
fuel costs are proportional to the level of driving performed. Potential concerns include 

· increased out of area fuel purchases near border areas of the program region, increased 
travel activity to purchase fuel in the non-affected areas, potential under-reporting of sales 
and smuggling activities. 

Public Acceptance: 
Although the literature suggests that the public would derive clear benefits from the program, 
the program revenues must be clearly dedicated to an insurance use. This is necessary to 
ameliorate concerns that a pay at the pump insurance strategy could be masked as an 
added tax to roadway use. Also, such a program may be perceived by some as supporting 
increased governmental management of what is seen as a private activity. · 

Costs and Benefits: 
Pay at the pu~p insurance may be designed as a revenue-neutral or revenue enhancing 
strategy, although it would gain wider support as a revenue-neutral program. One source has 
estimated that a $0.40 per gallon insurance fee would be necessary to cover the costs of a revenue neutral program. 

Although information regarding pay at the pump insurance effectiveness is limited, a gasoline 
or motor fuels tax has similar characteristics which have been more thoroughly discussed in 
the literature and applied in. various forms. Literature suggests that the public would derive 
c.lear benefits from the program through lowered insurance costs through the minimization of 
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uninsured motorists. Also, urban· area users, who tend to drive less, may experience reduced 
costs: Results from -gasoline and motor fuels tax studies indicate that motorists are highly 
inelastic (insensitive) with respect to fuel price, and that a tax hike of between one and two 
dollars per gallon (or more) would be necessary to have any significant effect upon travel 
behavior, especially work travel: A range of rates between $0.12 and $2.25 per gallon has 
been cited in recent literature. One study suggests that a $0.50 increase in gasoline . taxes 
would result in an 11 percent reduction in vehicle .miles traveled providing an emissions 
reduction benefit of 37 tons per day (a $1.00 increase would result in a 22 percent reduction 
in VMT) in the Chicago region. Another fuels/tax. study estimated that an emissions reduction 
of between 1 0 and 30 per~ent is possible with a pay at the pump insurance program. 

a. VMT Ta x 

Desc ript ion: . 
A VMT (vehicle miles traveled) tax is a directly-applied surcharge based upon the level of 
vehicle and/or roadway usage. The program objective is to reduce emissions and travel by 
increasing the cost of vehicle usage on a per mile basis. Since VMT (along with vehicle fuel 
combustion efficiency) has a direct effect upon the level of emissions, a VMT tax attempts to 
make the cost 'of auto use more visible to drivers. 

E x pe.rie nce : 
Studies: No VMT tax programs have been implemented to date. Both Illinois and California 
have studied the potential implementation of a VMT tax, and have developed limited 
estimations of the impacts of such a program.· The Illinois study targeted the northeastern 
part of the state near Chicago; the Cal.ifornia study targeted the southern part of the state. 
DRIVE+ legislation passed by the California legislature during 1990, included VMT tax 
provisions, but was vetoed by the governor due to political concerns. 

. . 

T e chnical Effectiveness: 
A VMT .tax could be effectively applied though an approach as · simple as recording each 
vehicle's current odometer · reading, to an· approach as complex as Automatic Vehicle 
Identification (A VI) systems or through on-board measurement devices. In its simplest form, a 
VMT tax program could charge a rate per VMT levied in lieu of, or in addition to, each 
vehicle's registration fee. Readings of VMT could be taken at the biennial motor vehicle · 
registration or inspection periods by the Division of Motor Vehicles (DMV) by comparing · 
current versus the previous odometer reading (or based on zero mileage for new cars). · This 
prqcess would be enhanced by the use of AVI technology which ·could afford a more frequent 
review and assessment of VMT fees. The DMV would then bill the vehicl~ owner (on ·an 
annual or a quarterly frequent basis) based on the VMT reading for the year. A process by 
which the DMV could recqrd and track each vehicle's annual odometer reading on an annual 
basis would have to be developed to ensure against fraudulent out-of-state registrations and 
odometer tampering attempts to avoid charge. · 

It -is often pr~posed that a VMT tax be implemented in conjunction with an emissions fee, 
since the combined· effect of these measures is to reduce both the level of travel and to "clean 
up" the emissions quality of the balance of vehicles used for travel. 
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Institutional and Potiticallmptications: . 
A VMT tax may encounter significant opposition from political sources because of negative 
effects upon .equity between different income and user groups, concerns regarding charges 
for out-of-st<;~te V~T; and the imposition of additional costs to motor v~hicle users . 

. 
Although the highest charges in a VMT tax would be incurred by upper and middle income 
groups, lower income groups may still require 'lifeline pricing' because their fees form a larger 
proportional share of their income. Businesses which require extensive vehicle use (e.g., delivery services, utilities, tr.ucking firms) may also be strongly impacted by a VMT tax, and 
consideration of measures to reduce the impacts to these groups may also be necessary. 
Charges for VMT occurring out of state may also cause concerns among legislators. These 
charges would occur for travel in areas not subject to taxation, and could raise legal 
concerns. Perhaps most seriously, a VMT tax would directly raise the costs of driving to the 
public, and could prove unpopular with constituencies. Petroleum interests and auto 
manufacturers may oppose this measure, since it reduces demand for their products. 

Public Acceptance: 
Public acceptance of a VMT tax is likely to be low, considering the direct increase in costs 
that would be incurred by motor vehicle users. Success in implementation would require 
strong public outreach efforts to ensure that a VMT tax is not simply perceived as another 
registration tax, but a user-based fee which encourages more efficient use of vehicle, 
emissions and roadway resources. The administration and billing cycle procedures are also 
crucial to the success of this type of measure, and require careful consideration about the 
frequency and ease of payment for this program. · 

Costs and Be nefits: 
VMT. tax may be designed as a revenue-neutr.al or revenue;enhancing strategy. A revenue 
neutral approach would be priced at a break-even level, and return most or all revenues to 
administration, lifeline pricing, and remediation payments for potential program inequities 
through a rebate 9r differential rate setting process. · A revenue enhancing strategy would 
cover costs, as well as increase revenues, through charg.ing a higher per-mile fee. 

A fee of anywhere between $0.01 and $0.11 per mile has been suggested in most literature 
sources. Some studies have suggested that fees of between $.02 and $.05 per mile could 
provide between a three and ten percent reduction in emissions.7 Since costs to users have 
been estimated to range anywhere between $500 and $1500 per year per vehicle, strong 
consideration of frequent ·payments (possible quarterly or monthly · installments) may be 
necessary to prevent certain users from being priced out of the auto ownership market, and 
cpuld offer an enhanced method of ensuring that these costs are perceived as user­
generated fees, rather than as a registration tax add-on . 

.. . 

1 Transportation Pricing for California: An Assessment of Air Quality Congestion, Energy, and Equity 
Impacts, Volume 1: Summary Report, prepared by G. Harv~y. E Deakin et. al., for the California Air Resources Board, October 1994. 
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9. Parking Pricing 

Description: . 
A parking pricing program seeks to reduce the use of personal vehicles through the 
imposition of fees or incentives related to parking, with the majority of programs applied to 
employer-based parking. ·These financial incentives alter the costs of single occupant vehicle 
(SOY) travel to work, and are designed to impose direct financial costs which incorporate the 
real costs associated with parking. The strategy would induce some of these motorists to use 
other alternatives, such as, ridesharing and transit, thereby reducing the number of solo 
drivers and creating emissions reductions. 

Measures: 
• Parking Pricing 
• Parking Cash Out 

Experience: 
Programs: Eight public sector programs were identified from the research as representative 
examples of parking pricing programs. These were primarily implemented during the 1970s 
and 1980s, and increased the cost of municipally-controlled parking (some by time-of-day) to 
rates approximating those at privately owned lots. Two representative examples of private 
employer parking pricing strategies were identified as representative examples from a 
multitude of strategies developed as part of employer trip reduction programs underway in 
several states. These programs were designed' to allow employers to charge employees for 
·parking as a method of reducing trips to the workplace. Finally, results from· four California 
parking cash out strategies have been identified. Federal tax code adjustments are required 
before cash out incentives can be offered by employers on a tax-free basis. 

Studies: One study used ·a model based approach to estimate the effects of a parking charge 
placed on all employer-based work trips to the Philadelphia, PA central business district. 

Legislation: California passed legislation in the form of Assembly Bill 2109 in 1992 supporting 
parking cash out programs, but conflicts with federal tax codes have prevented employers 
from developing widespread implementation of a tax-free parking cash out program to date. 

Technical Effective ness: 
Parking pricing strategies fundamentally depend upon the ability to monitor each vehicle 
parking within a specific area or location . . Although the majority of parking pricing strategies 
have been implemented using manual enforcement methods (e.g., parking attendants, 
restricted access lots, parking stickers), they could alternatively be implemented using 
modern AVI-based electronic technology. Reduced/free rates for rideshare vehicles are 
sometime_s offered, 

The emissions effectiveness of parking· pricing strategies can potentially be high, but results 
~re de~endent upon the specific application . and approach developed. Municipal-based 
parki.~g pricing programs (largely implemented in controlled or enforced urb~m parking areas) 
as well as employer-based ETA parking pricing strategies have resulted in a variety of 
responses, including reduced SOV levels, diversions to other parking locations, increases in 
transit use, and in some cases, the . counter-intuitive result of increased ride sharing ·with 
reduced transit use.· Specific factors affecting travel behavi,or include rates charged or 
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incenti~es offered,· parking av~ila~ility in other ~earby locations, and the availability of travel alternatives. . 

Institutional and Political Implications: 
Political support for parking pricing programs may vary by type and application. Although both pure parking pricing and parking cash out approaches could generate modest revenues, pure parking pricing strategies which see_k to increase costs to drivers may prove politically unpopular. Parking cash out programs use financial incentives to allow drivers a choice, and are likely to prove the more acceptable of _the two. options. 

Parking pricing programs may encounter opposition from developers and construction firms that may realize a financial loss from reduced parking needs. These firms may also perceive the program to threate·n existing development goals and regulations which they may favor, or may affect the marketability of their sites to investors and tenants. Concerns may also be expressed by ·areas which could be impacted by a spillover of parking to non-priced streets and lots. A carefully coordinated program of parking restrictions and access controls could ameliorate many of these concerns. Depending on whether an employee receives a financial incentive, there may be state .and or federal tax consequences. · 
Public Acceptance: 
Pure parking pricing strategies which increase costs to drivers could generate significant public opposition. A parking cash out approach offers drivers financial incentive which may be spent at the discretion of the employee, allowing them to .switch from their personal vehicle to alternate transportation options or tq use for other purposes, and would likely generate public support. 

Costs and Benefits: 
Parking pricing programs may be designed as either revenue-neutral or revenue-enhancing strategies. Funds ~rom a revenue-enhancing approach could be applied to support transit and other alternative transportation subsidy programs, to municipalities as compensation for potential overflow parking impacts or to fund municipal roadway/transportation improvements. 
~esearch suggests that parking pricing programs have demonstrated that SOV trips can be ~educed by up to 36 percent, with the majority of programs offering reductions of between 22 and 30 percent. While emissions impacts of parking pricing strategies have generally not been calculated, one study used a model based approach to estimate a potential annual emissions reduction of 475 tons of HC and 627 tons of NOx based on a $3.00 parking fee in the Philadelphia, PA CBD. In terms of . income, substantial revenues can be gained with modest investment in a parking P,ricing program. Programs implemented in the early 1980's for Eugene, OR and Santa Cruz, CA revealed that although administration and enforcement efforts for these programs cost between '$30,000 and $50,000 per year, operating costs were recovered through parking revenues and citations. Gross revenues from San Francisco parking tax amounted to $5.5 million per year, . and increased revenues were observed in Chicago despite the fact that the city only controlled 14 percent of parking spaces in the CBD. Estima~ed savings in construction costs for structural lots were placed at $4,200 per space, and $200 in annual operation and maintenance costs per year due to long-term reduced parking needs. 
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TADLE 2 

MARKET-DASED TRANSPORTATION STRATEGIES 
STATE-OF-PRACTICE SUMMARY 

APPLICATION PROGRAM STATUS COMM ENTS 
LOCATION YEAR(S) 

Complelotl; · 9,200 pro-1972 vehicles pu-cl><~sed and scrappod for $700 each In 1990 and 1993 phases. Call· 
Los An!)olcs. Cil 1900, 1993. 1995' 'Oe£r<~llon:~l ellccllvencss over 3 year pcrlod:2,006/loo HC & $.21,015/loo NOx. Now phase. January, 1995. 

Volunteer cilizens ellorl worked wilh banks and auto dealer& 10 encourage owners to dspose of pre 
Kern County, CA 19927 Completed 1975 vehicles and purchase 1904 or newer vehicles. 

207 pre-1900 vehicles purchased & scrappod for $750 each. Cost-ellectivcness: $3,461/lon HC & 
Chicano. IL 10!l2 Compklled $21.951/lon NOx. 

125 p<e-1900 vehicles purclmscd and scrappod lor $500 each In 1992. Cosl-ollcctiveness over 
1.7 year period ol $5,000/lon liC ond SGO,Ioo."lon NOx. Study lound lhal ptice ollorcd elleclS 

Dcf:lW:lrO 1!)!)2 
I 

Complelell lurnoul and rcmainin2 tilc~~1n ol clunkers. 
400 gross cmillers idenlified. 210 repaired, 270 scrapped (parts salvaged) ot S t,OOO per vehicle. 

Denver. CO 1!l'J3 Comrloled Cosl-eller:livcncss: Sl2,195Jion liC. 
000 pre-1972 vehicles purclmsed & scrapped 101 $700 each. Cosl-cflcctivenoss over 3 year. 

So. Californi:~ I!J!H · 1 995 On!)oino period: $4,242/lon I-IC & $15,555/lon NOx. 

SCAOMD.CA 1003 Complelod $700 oflercd lor each pro-1972 vehicle. ~ 

Philudolphiil, PA 166 P<O· I 900 vehicles purchased and scrappod 101 $700 each. Cost-elloctivcness over 3 yeill · 
CMSA 1003 Complolod !period: 11.1.007/IOn HC & $13.35GIIon NOx. 

Le{)lslnlion lnlroducelllo <~Dow clunker buy back programs. Objections from auto repair and 
Now.lmr.o~ 1!l!l4 Oofo:tlorf r.nllur:lnr nr:linn urOitpr. llnlunlecl r:ruronllnQ!slnlinn M,,~ rosurlnr.n wilh morhficotions this ~nr 

Marylnn<.J, Connoclicul, Cubfornln, Texas. Colorado, ond soveral oll10r slnlos consi<.Jo ring clunker 
V;uimrs Sl<~los l!l!l-1-1!)!)5 Pcncfin!) buy l>o.,ck slrnl!loics. QpposiUon hom rcnalr nnd collector groups occurrlno. · 

Philadelphia, PA 
..,rudy used models lo estimalo effect ol replacing 50'J(. ol pre-1900 vehicle fleet at $700 buv·bacll 
and $.50 ndminislralion cost per vehicle. Cost-elfccUvenoss ovar 3 year period: $28,720/lon HC & 

CMSA 1994 Complcled $57, 170/lon NOx. 

Molor Vehicla Scr appago Program passed. ·Will provide $700 lor each pro·l !l81 vehicle voiiNllarily 
1 
Viroini:~ 19!)4 Onor nliorml scrapporl. 

Proposed vehicle ~consing leo making older cars m01o cosily to licensa: encouraging vehicle 
C:~liforni:~ 1!)75 Oofo:~led xrnnono•l. Ocfonled clue lo oquily conr:erns. I 

Illinois 1!Y.l2 Ann~ zed A ono dol~,, QDS lnx wns f.?!O~cled lo lend 10 a VMT roduclion of over 22%. 
Discusses clnslicily measures lind olfecls 101 o combined VMT/emissions leo program based on 

Mass:~chusells 1003 Analyzed Massachusclls vehicle fleet darn. 
Estimated eflecls of a combined VMT/emisslon.s fee on lho Sacramenlo. San Francisco, and Los 

California 1994 /\n:~ly7ed 1\ngelcs areas. A six to ten pcrconl emissions reducllon was estimaled. 

Program administered lhrOU!Jh blill·in fuel conservation taxes and lax crcdls appUed 10 new 
vehicle purchase price. Maximum lax levied on new vehicles: $4,400; maximum credit: S 100. 

Onl:~rio. Can:~da 1909. 1995 Operalionnl Oilfe•enl roles lor UQhllrucks. spOil vehicles. 

DniVE + ptogram was passed by lc()islaluro, bul velocd by Govor001 due to opposition hom 
Cnfifornia 19!)() Dcfc:~lcr1 raxpaycr oroups and auto lnrluslrv. 

Philildclphia. PA Study eslimaled minimal emissions benel11 using EPA rest case of fuel economy as measure. 
CMSA 199-1 An:~lyzcd M.nimum leo sol al $1,364 and ma•imum rchalo of S3!l5. 
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T e.chnlcal Memorandum· Real World Exp·erlence w ith M BTS 

D. SUMMARY 

1. A ss e ssinenl: 

This document provides an overview of the theory, practical applications and effectiveness of 
·market based transportation strategies through the review of experiments, case studies, and 
research documents. While the review has not conclusively quantified benefits for strategies 
because of the variety of studies based on different design assumptions, there is strong 
supporting evidence that these strategies offer an effective, efficient and potentially. low cost 
approach to ieiducing .e.mi~sioj,s , congestion and ,trips/Yt0T... . . . . . .. . .... ·· · · 

..-: ·.,:-: ...:-:.:- ~· ::·- ··: . .. c: . • . ~ . • • •. • . . -

Market-based transportation strategies have been implemented su·ccessfully, and where 
experimental programs were tested for trial periods, their results have· revealed important 
lessons that can be used to change program design, avoid previously experienced 
difficulties, and build in safeguards fo·r future program development. Review of the research 
has provided important direction in assessing the strengths and weaknesses of each 
measure, and has identified the types of travel situations and spatial applications which may 
prove most effective. The technical memorandum on analysis will more specifically tailor the 
·findings of this research to New Jersey data, and will provide a more comprehensive and 
thorough assessment o{ the potential of these MBTS measures in New Jersey . 
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TADLE 2 
MARKET-BASED TRANSPORTATION STRATEGIES 

STATE-OF-PRACTICE SUMMARY 

A PPLICATION PROGRAM STATUS COMMENTS 
LOCATION Y EAR( S) 

Peak period sUichargo at municipal gatagcs combined with now shuttle service. 22%. sNited 
Madison, WI 1900 Opcrat.ional (.!!!rkl~ locallon, 5.0% shifted to transit. and 6%. ~rked alter peak. 

Discounted carpool parking at two muricipal garages (00%. dscount at ono, free parking at tho 
other). Largest effoct was to switch bus riders from transit to carpool (45%. o1 partldpants); 29%. 

Scnllle, WA NA Oporntional prolliovsty carj>ooled: 25%. IJ"OIIiovsty_ SOV drlvor. 
fblsod parking r;~tes at O<lragos ttvough a 25%. lllx. Over an number of parked cars dec~ned 2%, 
:md dur;~lion ol p::uking declined. Parking dcm:lnd decreased at sovcn garagos but Increased at !';;m Fr ancl:;co. CA NA Oncr ;tlion;ll sf• . P:uki~ olnsticltics r;~nged between •AO to ·2.G5. 
rloiscd munlclpalrntes by :J>.t~ to CCln'VllC!rclallovcls. Parked cars declined by 35%, parking 
duration decreased (aa day parkers arrllling beiOto 9:30 /1M dccUnod 72%). Nthough most 

ChiCil!JO. IL NA NA switched to tmnsrt Ot carpools. no mode sNit t.latn available. 
rloised muridpalratcs at two garages and soveraf surface lois over 100%. during one yeat. Permit 
users declined JG%. wiUl hall uslng COipool 0t transit. and tho olhor hall changing patklng 

Eugeno. OR 1000 Discontinued locations. 
Chnrgod noar mnrkel price lOt employee pnrklng.,SOV drilling decreased by 21%. (from 35%. to 

Ollnwa, Connda 1!l7-1 Oporntionol 20%.) with 17%. shill to lransll. Overall. 7%. ol workers changed travel modo. 

t· lonoluk 1, HI NA NA 
Doubled p;uking roles to dscourago long term p.1rkfng. Number ol parked cara Increased by 6'll., 
M<J lunch hoow !!:"rkl~ mmilabllit~ cioublcd. llcvonuos Increased JG'li. .No modo sNits wore no4od. 
A $GO por month tn•ablo allow:~nco (o•cept lOt IIIOd>e choosing nnd selected !Of omploycr parking) 
w:~s prollidcd Initially In each employee's oross pny each month as part of nn ETR PfOQram. AVO 

Los Angeles, CA 1905 to present Operntlonnl lncro;~sod lrom 1.2to 1:0 ~rsons e!!r vohfclo . 

/ 

I 

Gradu.1tcd parklng charges ($110 lOt SOV, $75 lOt 2·person cnrpool, $40 lOt 3·pcrson carpool, and 
SIO lOt <4·porson carpool) Implemented as par\ ol an ETR JMooram. A net trip reducUon o/26.5%. I H;utrord, CT NA O~rational w.~s estim.1tcd. 
lVI OS employee lirm. nchlevcd a 23 perccntreuuction In SOV usa Uvovgh a parklng cash out I 

Socrnmcnto. CA NA O~orotionat fliOOrnm. 
A 31 employee lirrn achieved a 29 porconlroducUon In SOV usc Uvough a parking cosh out 

Silcramcnto, CA NA . Opcrntional fliOQIOffi. 
West11ollywood. CA NA Operational A 16 percontrct.luclion in SOV uso w.~s achieved ttv~h a ~rkf~ c01sh out !!!:~ram. 

SOV use was reduced by approximately 33 percent. Carpool partlclpation wont from six to 3 1 
West Los Angelos. CA NA Oporalional ~rconttlv~h this patkl~ cash out !!!:~ram. 

Ntor relocating to Oeflovuo. WA. lnsulficient parking space was avaltablo lOt aA employees. A . 
patklng charge and transpotlaUon allowance oleQUllt amounts wore available to aa employees, 

Oetlovue. W A NA Operational wilh lrec parking lOt carpools. Trips were reduced by 20%. 
_ _ Los Angolcs._(;~ __ l!lll!l Opcrolionill Snto drilling rklcrr:~~d 11 porcont. 
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S.R. 9 1 Ton Road 

COFlROUTEJPeter Kiewit Sons 
(Privately Annncod) 
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. 
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INSURANCE 

VMTTAX Reoionnl Transporlation AulhOiily 
Conservallon Law Foundalion 

Calilomla 1\ir Resources IJoard 

q :\lra\j\ 1!)932\losk 1\lask 1.~blsnowl.xls 
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TABLE 2 

MARKET-BASED TRANSPORTATION STRATEGIES 
STATE-OF-PRACTICE SUMMARY 

APPLICATION PROGRAM STATUS COMMENTS 
LOCATION YEAR(SJ 

Sf Oay 13ricJgo 1 oil Pricing sludy and expedmenl (Poinl Pricing) would char go varying roles by limo San francisco. Cll 199~·1995 On Hold ol dav andlot conocstion levels. Pr()(J(am on hold duo lo Polilical concerns. 

Under FOtK len milo express loll lanes ulllzing ITS lechnology wil be builtin tho median ol S.R. 91 by a . 
privale conSOtUum ala cost ol $126 million. Fees will bo based on Umo ol day pricing. ACT volume 

Or:moo Co .. CA 1900-1000 
Construction 

ol 30,000 IO 40.000 p!ojccled. 
1\n oxperin.enlal'bvy·in' opUon would bo dovolopod for exlsling HOV lanes on 1-15. First a permit. 

On HokJ lhcn on ETC foro collection app;oach wiD bo laslod. App~ovills from FHWA and slalo legislaluro 
S:m Oir:~. Cl\ 1003· H1.l~i rnquitod. 

lloulo I\· I (1\uhJioulo cJu Nord) lrnplomcnlcd wookcnd 'G10cn' (olf·poil~) 01nd 'fled' (pe~) ralos lo 
rnocJcrato peak period d<:m<~nd. Peak of lho peak demand droppod from 5,000 vph lo ~.500 vph, Paris, l'ranr.o 1002 Oporallonal while shoo.drlor ~1rlocJ uso incrcnsod. 
Vehicles wilh loss than fOUf occupanl.s musl puro.:hosc daily/mOOihly ~censo lo access downlown 
COD in two and PM peaks. Peak period lrolfic decreased by 23'1. by 1983 (40'1. if assume graw111J. 

SinoafX>I o 1!)75 O[!£r alion:tl 1\verilgo daily air Jl()llulion decte.1scd 10%; 30% In two peilk. 
Tosled elcclronic licenses in 1905. Technology very successful and cost ellecUvo. Peak period 
lrallic p!ojeclod 10 bo reduced by up 10 20'% (lhouuh off-poak !nero~ so ol20% also projcclod) . 

1-lon!J Kon!J 1!)05 [);!>conlinucd PrO!Jmm dsconlinund duo 10 public ()l)f)()Sition. 
10 loll poinls nrouncJ COO char goo ltol rlliO ol S I. GO por day. Tolls p.~d malllhlUylwindshckJ 
slicker: llicJco ontorccmcnl u:ood. 1\llhough ool<lilocJ rosulls oro no1 ovoilol>le. 8 5'X. rcduclion in 

O!>lo, Nofw:r~ I !)gO Opcralinn:•l lrntroc 1~-,,-; hcnn n~lirn.'\lcd. 

Sb manual loll collection poinls usod. AIUIOUQh detailed rcsuns are no1 available, a 6·7'1. reduction 
IJcroon. Norway 1!)06 Opcrolional in lrnlllc h.1s been oslimaled. 

/\VI technology charges vehicles o llaltoll during day~ghl hours. Cos! per lronsaction ol S.20 
Troncfhcim. Nofwny 1!)!)() Opcrntional Nohfv cosl elleclivo. 

M ilnn.llilly Nl\ Opcrnlional r>onk period enlrv Ieos to COD or on. 50'% Ira I lie reduction noted. 
Mulliplo corc.Jon sonar I card system with 11mo ol ooy p!iclno considorocJ lo roduco congosUon ;,nd 

Analyzed; On t>OIIulion.llovonuos 10 oo used let now l~ohw~y,rnnsil. Tolls of oolwoon S.IG and SI.GS 51udiod. 
No thor lands 1002-proscnl Hold l'lrt~ic onrx>sllion l~1s placed fU<Ihor nction on hold. 

Smor1 cord syslcm would cllllrge lOlls b<lscd or• <hlanco and speed when congoslion occU<s. 
Carnbrid()o. UK 1992-prcsonl r>roposcd novonucs would bo used for public transit 

Sludy lo dclcrmino p!icing and ~i<ll impacls ol congeslion pricing program undorw;~y. A 
S tudy p!OIIious 1!>75 sludy ol London esUmotod a traffic reduclion ol 30-45% with 8 SJ.OO per day 

London. U.K. 1991 -~roscnr Unclerwa}:: charoo. 
Stocllholm nnd 
Mnlmo. Sweden 1991 -preoonl On Hold Gnvernmenl:~l OlCtinns implemcnlcd lo so.rpf)Oil implcmenl:~lion ol congestion pricing programs 

Thc01y Only Nl\ Proposocf No Known 1\pplir.ntions 

VMI loo siU<Jy let norlhcaslorn IIUnols. 1\ bvo coni per milo VMf too would be roughly oQuivalentlo 
o S 1.25 per gallon gas tax (from CA reso~rch). A ono cJollar per gallon gas lalt was cstimalcd 10 

I llinois 199~ 1\nnlyzccl rcduco VMT in norlhoOlslern ll~nois bv over 22'1.. 
Mnssachuscns 1!)!)3 Analyzed See Emissions Fees. 
· Cnfifornia 1M~ Annlyzcrl Sllldy of Sno.rthr.rn CaUforni;~ esllnlnlnd 5 lo 7 pcrccnl emissions roduclions usl"9 a $0 02/milo feo 
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T ABLE 2 
MARKET-BASED TRANSPORTATION ST RATEGI ES 

STATE-OF-PRACTICE S U MMARY 

APPLICATION PROGRAM STA T US COMMEN T S 
L OCAT I O N Y EAR(S) 

155 gross cmlllors fully pllllk:lpal~. S450 In repairs and $100 lor completing p-ogram. Annual cosl Philadolphln. PA I!>!H Completed clleclivencss over 3 2 ~- f!!:rlod: S15,274/lon HC & $65,159/lon NOx. 
Enforcement program. Six vans wiU1 remote sensing eq\ipmcnt perform random mobile tes~ng. 
First time lliolators sent warnings lo fix vehicles, second lime lliotators ordered to report to Phoenix. 1\Z. 1!)95 Opcration.,l inspcclion stntion or lose vehlclo re9!strnlion. 
3,100 employee vehicles remote sensed at company parking faciGties. 72 vehicles (most Pf11·1972) 
ldcntiliod ns gross omlftors conlrlbuting 17% lo Ileal emissions. Emissions reducUoo costs El Seoun<1o, CA 1002-1003 Cocn[!lelec1 ostimalcll at s:!OQ.$700/Ion CO; SIJOO.S450CV1on NOx. 

Cofolndo l!lll7 Complolec1 llr.r.urncy oiiNs cnrly syslom forJnd lobe low. 
~tAr syslcm used, nccuralo to+/·:>% tor t;U ancl +/·1:>% tor Ht:. ~IG gross omrllers IOCt eased 
with age, however, dirties! cmllling 20%. ol 1003 Bnd newer vehicles emllled more than cleane$1 Ocnvcr, CO 1937-19139 Completec1 40% ol on model yo;us. 

Oalon Rouoo. LA 1992 Completed FEAT s~slnm used. Moto U1.~n hall CO cmllled b~ n~oxlm:~lcl~ 7% ol vehicles. 
I 

lo!: 1\nQelo!:, (A IWI complelefl GMil nntl FEAT ~orl:.OIS leslcd. hill!:! occow~ resulls re~lod. 
1\verauo vohiclo emission syslem repair cost was $2';000 por vchiclo based on repair oi l on Napicrvillo, IL 1900 Corn~lnlod vchicla5. 

Cosl-elfuclovcncs~ ol nu~Oplo sensor rcniUio sensing lound Ia rango hom $-1,00010 G,OOCV\Oil tiC, Nl\ I OO:l AMl~7cc1 rlr.~n<lir~ <ln lho nuoohc< ol censors ( I lo 3). 
Dclcrmlncd (using ~nglo CO only sensor) ltlal rcmolo sensing elloctivo, but not a subs~lulo lor Lynwood, CA 1!)139 Completed ~lalo emissions tosls. 

Compared Bccuracy ol different remote sensing systems and IM240 tost. Delcrmlried that remole Hammoocf, IN 1992 Complolcd sonslng accuracy onll.~nced tlvougll usc ol two senslll{l episodes, and lhat HC sensor untdable. 
Oll·pook lares etimlnolcd fOf one monll1. Wookd3y rldorslip Increased between 4·12% (moslly 
dlvo<tod from oulo). wilh 17-50% now ri<Jors. Whllo on 0% ridership Increase was reported, lhe Utah 1070 Complelecl hypolhosls lhnl no·lono lcrm olfocl occoJ<rad could nol bo ro)ccled. 
UMT 1\ sponso<ed lroo-laro lost 11idct"~P gains ol up 10 50% In oll-pook reported, but not Trenton. N.J 1970 Completed sustolnod nflet end ol o•pcrlmenL 
UMTA sponsored froo-laro test. Fti<Jorshlp gains ol up lo 50% In oil-peak reported, bl!l not Ocnver, CO 1!)70 Tormlnatcd suslalncd oller end ol experiment Problems with scl'lice qunfi!y and 40~ loss ol revenue reported. 
Proposed Increase In f<eo transfers and elimination ol two tare zonos. On hold pcndng budget and NYC, NY 1993-1995 On Hold flO(itical oulcome5. ---·----
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